Target Dynamics
The state of each particle at the next time step is predicted by the target dynamics model
where A defines the deterministic component of the model and v(t) is a multivariate random variable. In this paper, we use a first order model for A describing a target dynamics with a constant velocity. for resampling. Figure 1 shows an application of the color-based particle filter for tracking a stuffed bear as an example.
In this where WT denotes a predefined threshold. Equation (16) represents that the tracker lost sight of the current target during tracking for some reason. If this condition is satisfied, there are two possible situations.
1. The target is really occluded by some other object. 2. The tracker only temporally loses sight of the target for some reason such as an abrupt movement of the target and observation noise.
In the second case, it is expected that the tracking process returns to be normal within several time steps, and then switching of targets is not necessary. However, we cannot decide which is true at this point of time. So we formally decide that the occlusion has occurred if Eq. (16) continuously holds for predefined time steps tT. Until then, the tracker continues the normal tracking process. Preparing for the possibility of the first case, a model of a candidate for the occluder is created (as described in Sect. 3.3) at the point of time when Eq. (16) begins to hold. The created model, however, is not added to the combination model until the occlusion is formally identified (as described in Sect. 3.4) . If the satisfaction of the condition breaks during tT steps, the tracker discards the created occluder model and returns to the normal tracking process.
Not Let d(t) denote the mode of the disparity histogram in the elliptic region determined by the mean state s at time step t. d(t) is regarded as the representative disparity of the current target. Then the color distribution model of the candidate for the occluder is calculated as the following procedure (Fig. 2 ).
1. Calculate the disparity likelihood pd(x) based on d(tocc-1) (Fig. 2 (c) ). d(x) denotes the disparity at the position x and dT denotes a predefined parameter. Pd assigns 1 to pixels which have larger disparities than d(tocc-1), that is, those which exist nearer to the camera than the target at toee-1. Preparing the possibility that the target moved further between tocc-1 and tocc, Pd also gives some value to the pixel which has the same or only a little less disparity than d(tocc-1). 2. Calculate the color distribution Pocc(u;Eocc) of the tentative candidate for the occluder.
Equation (20) is the same as Eq. (4) except for the disparity likelihood instead of the weight concerning the ellipse region center (Eq. (3)). Eocc, is the elliptic region determined by the mean state s at tocc, except for too short length of the half axes of the ellipse. They are replaced with predefined values to avoid that the region size becomes too small. 3. Extract the candidate region Rocc for the occluder (Fig. 2 (d) ).
4. Calculate the color distribution pocc(u;Rocc) of the final candidate for the occluder as Eq. (20).
Since this procedure is very simple and the disparity is often not so accurate, it is possible that the created model also does not necessarily have enough accuracy. The lack of accuracy is compensated by the online learning scheme described in Sect. 4.
Combining Occluder Model
If Eq. (16) As we can see from Fig. 1(b) , it is expected that p includes more color information around the target besides that of the target itself than p(s). Since especially the color distribution model of the occluder is possible to be incomplete, it is considered that using p as well as p(s) is effective to collect more information on the target widely and to make its model better. The tracker might drift if the influence of color 
Experiments
We carried out two experiments to show the effectiveness of the proposed method.
Experimental Settings
We use a Digiclops camera manufactured by Point Grey Re- Thin white ellipses in Fig. 6 represent the different hypothetical regions as well as in Fig. 1 (c) .
In the case only by the basic particle filter (Fig. 6 (a) (b) Tracking by the proposed method. •E The number of particles N should be determined from the viewpoint of both accuracy of tracking and computational cost.
• •E The threshold for the occlusion detection WT should be set to a small value.
•E The threshold tT also should be set to a small value.
However, too small tT will induce a confusion of temporally losing sight of the target with real occlusion.
• 
